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MEMORY DEVICE, MEMORY
MANAGEMENT DEVICE, AND MEMORY
MANAGEMENT METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the National Stage of International
Application No. PCT/KR2009/007124, filed on Dec. 2, 2009,
which claims the priority of Korean Patent Application No.
10-2009-0009229, filed on Feb. 5, 2009. The contents of all
applications are hereby incorporated by reference 1n their
entirety.

TECHNICAL FIELD

The present invention relates to a memory device, a
memory management device, and a memory management

method, and more particularly, to a memory device, a
memory management device, and a memory management
method, capable of checking a pattern of data written in a
memory, without deterioration of system performance.

BACKGROUND ART

A storage device for storing data may include, for example,
a magnetic disk, a semiconductor memory, and the like. Since
physical characteristics are different for each type of storage
device, a management method corresponding to the distinc-
tive physical characteristics 1s required.

Conventionally, magnetic disks are widely used as storage
devices. A read/write time of the magnetic disk takes an
average ol several milliseconds per kilobyte. Additionally,
since an arrival time of an arm of the magnetic disk 1s different
depending on a physical location where data 1s stored, the
read/write time of the magnetic disk varies.

Recently, a non-volatile memory that takes a relatively
short read/write time, consumes a small amount of power, and
occupies a small amount of space, compared with a magnetic
disk, 1s rapidly replacing the magnetic disk. This 1s because a
capacity of the non-volatile memory 1s increasing.

The non-volatile memory may perform electronic reading,
writing, and erasing. The non-volatile memory 1s a semicon-
ductor memory device that 1s able to maintain stored data
even when power 1s interrupted. A process of storing data 1n
a non-volatile memory device 1s additionally referred to as
programming, as well as writing.,

A typical example of the non-volatile memory includes a
flash memory. The flash memory has advantages of a small
s1ze, a low power consumption, and a high read rate, when
compared with a conventional Hard Disk Drive (HDD).
Recently, a Solid State Disk (SSD)using a high-capacity flash
memory was proposed to replace an HDD.

The flash memory may typically include, for example, a
NAND-type flash memory, a NOR-type flash memory, and
the like. A NAND scheme and a NOR scheme may be distin-
guished based on a configuration and an operating scheme of
a cell array.

A flash memory includes an array of a plurality of memory
cells, and a single memory cell may store at least one data bat.
A single memory cell includes a control gate and a floating
gate, and an mnsulator 1s nserted between the control gate and
the floating gate. An insulator 1s also 1nserted between the
floating gate and a substrate.

The non-volatile memory 1s managed by a predetermined
controller. Additionally, an overall performance of the non-
volatile memory may be determined based on a performance
of the controller.
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Accordingly, there 1s a desire for research on a method that
may efficiently manage and control a memory.

DISCLOSURE OF INVENTION

Technical Goals

An aspect of the present invention provides a memory
device, a memory management device, and a memory man-
agement method, which may be capable of checking a pattern
of data written 1n a predetermined area of a memory without
a Central Processing Unit (CPU) accessing a Random Access
Memory (RAM), thereby preventing deterioration of system
performance that may occur while checking the data pattern.

Technical solutions

According to an aspect of the present invention, there 1s
provided a memory device, including a reception unit to
receive a check command and check information from a
Central Processing Unit (CPU), a read unit to read data writ-
ten 1n a predetermined area of a memory based on the check
information in response to the check command, and a check
unit to check a data pattern of the data read based on the check
information.

According to an aspect of the present invention, there 1s
also provided a memory management device, including a
control register 1n which a check command and check 1infor-
mation may be written by a Central Processing Umit (CPU), a
read unit to read data written 1n a predetermined area of a
memory based on the check information, in response to the
check command when the check command and the check
information are written in the control register, a check unit to
check a data pattern of the data read based on the check
information, and a status register 1n which a result of the
check performed by the check unit 1s written.

According to an aspect of the present invention, there 1s
also provided a memory management method, the method
including recerving a check command and check information
from a Central Processing Unit (CPU), reading data written 1n
a predetermined area ol a memory based on the check infor-
mation 1n response to the check command, and checking a
data pattern of the data read based on the check information.

Eftect of Invention

According to an embodiment of the present mvention,
provided are a memory device, a memory management
device, and a memory management method, which may be
capable of checking a pattern of data written 1n a predeter-
mined area of a memory without a Central Processing Unit
(CPU)accessing a Random Access Memory (RAM), and thus
it 15 possible to prevent deterioration 1n system performance
that may occur while checking the data pattern.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram 1llustrating a configuration of a
memory device according to an embodiment of the present
invention.

FIG. 2 15 a block diagram 1llustrating a configuration of a
memory management device according to another embodi-
ment of the present invention.

FIG. 3 1s a flowchart illustrating a memory management
method according to still another embodiment of the present
ivention.
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BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Reference will now be made 1n detail to embodiments of
the present invention, examples of which are i1llustrated in the
accompanying drawings, wherein like reference numerals
refer to the like elements throughout. The embodiments are
described below 1n order to explain the present invention by
referring to the figures.

Generally, programming of a non-volatile memory may be
performed by 1n page units and erasing may be performed in
block units. Here, a block may include a plurality of pages.

Also, a memory controller for managing the non-volatile
memory may provide a logical address to an external host or
a processor, and may provide a physical address of the non-
volatile memory.

In this mnstance, the memory controller may manage the
non-volatile memory using the physical address, and may
convert the physical address into the logical address.

Here, a layer in which converting of the physical address
and the logical address 1s performed 1s referred to as a Flash
Translation Layer (FTL).

A typical example of the non-volatile memory includes a
flash memory. The tlash memory may typically include, for
example, a NAND-type flash memory, a NOR-type flash
memory, and the like.

The NAND-type tlash memory 1s widely used as the non-
volatile memory due to a higher integration and a higher ratio
of cost to capacity 1 comparison to the NOR-type flash
memory, however, random access 1s 1mpossible i the
NAND-type flash memory which 1s dissimilar to the NOR -
type tlash memory.

In order to check a pattern of data written 1n a predeter-
mined area of the NAND-type flash memory, a method of
reading contents of the predetermined area into a Random
Access Memory (RAM), and checking the contents copied
into the RAM may be used.

In this instance, a process of reading data from a memory
into the RAM, and a process of accessing the RAM by the
Central Processing Unit (CPU) 1n order to check contents of
the data are performed, and accordingly two memory bus
accesses are necessary, which may result in deterioration of
system performance.

According to an embodiment of the present invention, a
memory device, and a memory management device may
receive a predetermined data pattern from the CPU, and may
check a pattern of data written 1n a predetermined area of a
memory by comparing the pattern of data written 1n the pre-
determined area of the memory, and the predetermined data
pattern, thereby preventing deterioration of system perfor-
mance due to the CPU and the memory bus being occupied.

The memory device and the memory management device
according to an embodiment of the present invention will be
turther described hereinafter with reference to F1IGS. 1 and 2.

FIG. 1 1s a block diagram 1llustrating a configuration of a
memory device 120 according to an embodiment of the
present invention.

Referring to FIG. 1, a Central Processing Unit (CPU) 110
and the memory device 120 are 1llustrated.

The memory device 120 may include a reception unit 121,
a read unit 122, and a check unit 123.

A memory 124 may correspond to a NAND-type flash
memory.

The reception unit 121 may recerve a check command and

check information trom the CPU 110.
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The read unit 122 may read data written 1n a predetermined
area of the memory 124 based on the check information 1n
response to the received check command.

Here, the check information may include memory area
information.

The memory area information may include start address
information and si1ze information of the predetermined area of
the memory 124.

In this instance, the read unit 122 may read the data written
in the predetermined area of the memory 124 based on the
memory area information.

That 1s, when the reception unit 121 receives, from the
CPU 110, the start address information and the size informa-
tion of the predetermined area of the memory 124, the read
umt 122 may read the data from the predetermined area of the
memory 124 based on the start address information and the
s1ze information.

The check umt 123 may check a data pattern of the data
read by the read unit 122 based on the check information.

Here, the check information may include information
about a predetermined data pattern.

In this instance, the check umit 123 may determine whether
the predetermined data pattern and the data pattern of the read
data are consistent with each other, by comparing the prede-
termined data pattern and the data pattern of the read data.

When the predetermined data pattern and the data pattern
of the read data are inconsistent with each other, the check
umt 123 may generate an error message.

For example, when the CPU 110 checks whether the data
written 1n the predetermined area of the memory 124 1s con-
sistent with a value 01°1234567b,” the CPU 110 may transmit
information about the data pattern of “1234567b” to the
memory device 120.

That 1s, the check unit 123 may determine whether the data
pattern of the data read by the read unit 122, and the data
pattern of “1234567b” are consistent with each other, and
may generate an error message when the two data patterns are
inconsistent with each other.

When the check unit 123 terminates the check of the data
pattern, the memory device 120 may discard the read data,
instead of storing the read data in a RAM.

According to an embodiment of the present invention,
when the CPU 110 checks the pattern of the data written in the
memory 124, the memory device 120 may enable the check of
the data pattern using the reception unit 121, the read unit 122,
and the check unmit 123 included 1n the memory device 120,
thereby preventing overall deterioration of system perfor-
mance, unlike a conventional method 1n which a data pattern
1s checked using a RAM.

The memory device 120 according to an embodiment of
the present invention has been described with reference to
FIG. 1.

According to an embodiment of the present invention, a
basic 1dea of the present invention for performing checking of
a data pattern may be embodied by incorporating a configu-
ration to perform a predetermined function 1n an internal part
of the memory device 120 as illustrated 1n FIG. 1, or may be
embodied to be a predetermined memory management device
that may exist independently of the memory device 120, and
may be connected to the memory device 120.

The memory management device according to an embodi-
ment of the present invention will be further described here-
inafter with reference to FIG. 2.

FIG. 2 1s a block diagram 1llustrating a configuration of a
memory management device 220 according to another
embodiment of the present invention.
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Referring to FIG. 2, a CPU 210, the memory management
device 220, and a memory 230 are illustrated.

The memory management device 220 may include a con-
trol register 221, aread unit 222, a check unit 223, and a status
register 224.

The memory 230 may correspond to a NAND-type flash
memory.

In the control register 221, a check command and check
information may be written by the CPU 210.

When the check command and the check mnformation are
written in the control register 221, the read unmit 222 may read
data written 1n a predetermined area of the memory 230 based
on the check information in response to the check command.

The check information may include memory area informa-
tion.

The memory area information may include start address
information and si1ze information of the predetermined area of
the memory 230.

In this mstance, the read unit 222 may read the data written
in the predetermined area of the memory 230 based on the
memory area information.

That 15, when the CPU 210 writes the start address infor-
mation, the size mformation, and the like 1n the predeter-
mined area of the memory 230, the read unit 222 may read the
data from the predetermined area of the memory 230 based on
the start address information and the size information.

The check unit 223 may check a data pattern of the data
read by the read unit 222 based on the check information.

In the status register 224, a result of the check of the check
unit 223 may be written.

Here, the check information may include information
about a predetermined data pattern.

In this instance, the check unit 223 may determine whether
the predetermined data pattern and the data pattern of the read
data are consistent with each other, by comparing the prede-
termined data pattern and the data pattern of the read data.

When the predetermined data pattern and the data pattern
of the read data are inconsistent with each other, the check
unit 223 may generate an error message, and may write the
generated error message 1n the status register 224.

For example, when the CPU 210 checks whether the data
written 1n the predetermined area of the memory 230 1s con-
sistent with a value of ““1234567b,” the CPU 210 may transmit
information about the data pattern of “1234567b” to the con-
trol register 221.

That 1s, the check unit 223 may determine whether the data
pattern of the data read by the read umit 222, and the data
pattern of “1234567b” are consistent with each other, and
may generate an error message when the two data patterns are
inconsistent with each other.

The check unit 223 may indicate that the MISMATCH
error occurs, to the status register 224.

The CPU 210 may determine that the pattern of the data
written in the predetermined area of the memory 230 1s incor-
rect, through the status register 224.

When the check unit 223 terminates the check of the data
pattern, the memory management device 220 may discard the
read data, instead of storing the read data in a RAM.

According to an embodiment of the present mvention,
when the CPU 210 checks the pattern of the data written in the
memory 230, the memory management device 220 may
enable the check of the data pattern thereby preventing overall
deterioration of system performance, unlike a conventional
method 1n which a data pattern 1s checked using a RAM.

FIG. 3 1s a flowchart illustrating a memory management
method according to still another embodiment of the present
ivention.
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In operation S310, a check command and check informa-
tion may be received from a CPU.

In operation S320, data written 1n a predetermined area of
a memory may be read based on the check information 1n
response to the check command.

The check information may include memory area informa-
tion.

The memory area information may include start address
information and size information of the predetermined area of
the memory.

In this instance, 1n operation S320, the data written 1n the
predetermined area of the memory may be read based on the
memory area information.

In operation S330, a data pattern of the data read 1n opera-
tion S320 based on the check information may be checked.

Here, the check information may include information
about a predetermined data pattern.

In this mnstance, 1n operation S330, the predetermined data
pattern and the data pattern of the read data may be compared.
When the predetermined data pattern and the data pattern of
the read data are inconsistent with each other, an error mes-
sage may be generated.

The memory management method according to an
embodiment of the present invention has been described with
reference to FIG. 3. Here, the memory management method
may correspond to the configurations of the memory device
120, and the memory management device 220 that have been
described with reference to FIGS. 1 and 2, and accordingly a
further description in relation to the memory management
method will be omitted for conciseness.

The memory management method according to an
embodiment of the present mvention may be recorded 1n
computer-readable media including program instructions to
implement various operations embodied by a computer. The
media may also include, alone or 1n combination with the
program 1instructions, data files, data structures, and the like.
Examples of computer-readable media include magnetic
media such as hard disks, tloppy disks, and magnetic tape;
optical media such as CD ROM discs and DVDs; magneto-
optical media such as optical discs; and hardware devices that
are specially configured to store and perform program
instructions, such as read-only memory (ROM), random
access memory (RAM), flash memory, and the like.
Examples of program instructions include both machine
code, such as produced by a compiler, and files containing
higher level code that may be executed by the computer using
an mterpreter. The described hardware devices may be con-
figured to act as one or more software modules 1n order to
perform the operations of the above-described exemplary
embodiments of the present invention, or vice versa.

Although a few embodiments of the present invention have
been shown and described, the present invention 1s not limited
to the described embodiments. Instead, it would be appreci-
ated by those skilled 1n the art that changes may be made to
these embodiments without departing from the principles and
spirit of the invention, the scope of which 1s defined by the
claims and their equivalents.

The mnvention claimed 1s:

1. A memory device comprising:

a memory array having a data pattern written 1n a prede-
termined area of the memory array, the predetermined
area having a start address and a size;

a reception unit to recerve a check command and check
information from a Central Processing Unit (CPU), the
check information comprising memory area informa-
tion, the memory area mformation comprising the start
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address and size of to the predetermined area and the
data pattern previously written to the predetermined area
of the memory array;

a read unit to read data written 1n the predetermined area of
the memory array based on the start address and size of
the predetermined area included in the check informa-
tion and 1n response to the reception unit recerving the
check command; and

a check unit to check the data read based on the check
information by comparing the data pattern included 1n
the check information and the data read by the read unat,

wherein the memory device 1s configured to perform a
check of the data written 1n the predetermined area of the
memory array in response to the reception unit receiving
the check command.

2. The memory device of claim 1, wherein the data pattern
was written 1n the predetermined area of the memory array in
response to a data write command being sent from the CPU.

3. The memory device of claim 1, wherein the check unit
generates an error message when the data pattern and the data
read are inconsistent with each other.

4. The memory device of claim 1, wherein the memory
array 1s a flash memory.

5. A memory management device comprising:

a control register 1n which a check command and check
information are written by a Central Processing Unit
(CPU), the check information comprising a data pattern
that was written to a predetermined area of a memory
array prior to the check command and check information
being written to the control register, the predetermined
area having a start address and a size, the check infor-
mation comprising the start address and the size of the
predetermined area;

a read unit to read data written 1n the predetermined area of
the memory array based on the start address and size of
the predetermined area included in the check informa-
tion and 1n response to the check command when the
check command and the check information are written
in the control register, wherein the memory array 1s on a
memory device that 1s separate from the memory man-
agement device;

a check unit to check the data read based on the check
information by comparing the data pattern included 1n
the check information and the data read by the read unit;
and

a status register in which a result of the check performed by
the check unit 1s written.

6. The memory management device of claim 5, wherein the

check unit generates an error message, and writes the error
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message 1n the status register when the data pattern and the
read data are inconsistent with each.
7. The memory management device of claim 5, wherein the
memory array 1s a flash memory.
8. The memory management device of claim 5, wherein the
data pattern was written 1n the predetermined area of the
memory array as a result ol a data write command being sent
from the CPU.
9. A memory management method comprising;:
writing a data pattern to a predetermined area of a memory
array, the predetermined area having a start address and
a size;

recerving a check command and check information from a
Central Processing Unit (CPU), the check information
comprising the start address and the size of the prede-
termined area and the data pattern;
reading data written in the predetermined area of amemory
array based on the start address and size of the predeter-
mined area included 1n the check information and in
response to receiving the check command; and

checking the data read based on the check information by
comparing the data pattern included 1n the check infor-
mation and the data read, wherein the checking of the
data 1s performed without accessing the data with the
CPU.

10. The method of claim 9, wherein the checking com-
prises generating an error message when the data pattern and
the read data are inconsistent with each other.

11. The method of claim 9, wherein the memory array 1s a
flash memory.

12. The method of claim 9, wherein the writing of the data
pattern in the predetermined area of the memory array i1s

performed as a result of a data write command being sent
from the CPU.

13. A non-transitory computer readable recording medium
storing a program to cause a computer to 1implement the
method of claim 9.

14. A non-transitory computer readable recording medium
storing a program to cause a computer to 1mplement the
method of claim 10.

15. A non-transitory computer readable recording medium
storing a program to cause a computer to implement the
method of claim 11.

16. A non-transitory computer readable recording medium

storing a program to cause a computer to implement the
method of claim 12.
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